Abstract Objectives To determine the prevalence of postpartum depression (PPD) among new mothers in Mississippi during 2009-2011 and evaluate the effects of different stressful life events in the year before delivery on the likelihood of PPD. Methods We used Mississippi Pregnancy Risk Assessment Monitoring System (PRAMS) 2009-2011 data (n = 3695) to evaluate the effects of different stressful life events on PPD. We categorized 13 stressors into 4 groups: financial, relational, trauma-related, and emotional. A composite score of the mothers' responses (C10) to the three items: ''I felt down, depressed, or sad'', ''I felt hopeless'', and ''I felt slowed down'' was used to measure PPD. The items were rated on a Likert scale from (1) never to 5 (always). Descriptive statistics, Chi square tests, t tests, and logistic regression analyses were conducted using SAS 9.3 Proc Survey procedure (SAS Institute, Cary, NC, USA). Results The overall prevalence of self-reported PPD was 14.8 %. Mothers who experienced high relational with low financial and high trauma related stresses had the highest likelihood of PPD diagnosis after adjusting for confounders (OR = 8.6; 95 % CI, 3.5-21.3), followed by those who reported high relational stress with low financial and low trauma stresses (OR = 5.9; 95 % CI, 3.5-10.2). Those with high financial, low relational, and low trauma had the least likelihood of PPD (OR = 2.2; 95 % CI, 1.6-3.0) compared to women with low stress in all three categories. Conclusion Our findings showed that the likelihood of PPD was higher among women who had high relational stress, indicating that efforts to effectively prevent PPD need to focus on healthy relationships between partners during pregnancy.
Introduction
Pregnancy can be a stressful time for many expecting mothers. Some women can further experience acute highly stressful events during pregnancy, such as the loss of a job or the death of a loved one. Some women may live with chronic levels of high stress related to Electronic supplementary material The online version of this article (doi:10.1007/s10995-016-2028-7) contains supplementary material, which is available to authorized users. relationships or financial strain, all of which may contribute to the development of postpartum depression (PPD). PPD is a serious mental health condition that affects up to 13 % of new mothers, occurring within the first 4 weeks and up to 1 year after delivery [12] . Evidence has shown that both stressful life events and PPD can negatively impact maternal and infant health [14, 20, 21, 24] . Mothers with PPD are less likely to breastfeed their infants, get preventive health services, use desirable safe infant sleep practices, and follow safety recommendations like using a car seat or smoking alarm [11] . Furthermore, PPD has adverse effects on maternal interactions and mother-infant bonding. Mother-infant relationships play an important role in infants' social, cognitive and behavioral development; depressed mothers are less responsive to their infants, show less attachment and attunement, and may demonstrate disrupted parenting behaviors, which may contribute to poor infant health outcomes [5, 29] .
Previous studies suggest that stressful life events during pregnancy increase the risk of PPD [7, 9, 26, 27] . Researchers generally employ three approaches in determining the relationship between stressful life events and PPD. First, some studies examine the risk of individual stressors on PPD [18] . However, correlation among stressors is not considered using this approach and the strength of the relationship between individual stressors and PPD may be overestimated [19] . Some researchers use a cumulative approach, regardless of types of stressors, and report that the accumulation of reported life stressors increases the risk of PPD [4, 28] . This approach does not consider the unique effect of each stressor on PPD [19] . Other studies categorize life event stressors in four domains including financial, relational, trauma, and emotional and evaluate the effects of these domains on PPD, regardless of the number of stressors in each category [6, 16] . These approaches may neglect co-occurrence of different stress domains. Unlike the previous studies, Liu and Tronick [19] developed an approach that integrates both accumulation of life stressors and their specific role in PPD. These authors examined the risk level of each stress domain and the different risk combinations, rather than simple summation of prenatal stressors regardless of stressor type and/or grouping prenatal life stressors regardless of number of stressors in each group. In this study, we used Liu's integrated approach to capture the risk level of each domain of stressors and to evaluate how varying combinations and levels of stress domains impact PPD. We sought to determine the prevalence of PPD among new mothers in Mississippi during 2009-2011 and evaluate the effects of different stressful life events in the year before delivery on the likelihood of PPD.
Methods Study Design and Participants
We used Mississippi Pregnancy Risk Assessment Monitoring System (PRAMS) data from 2009 to 2011 (n = 3836) to evaluate the association of different stressful life events with PPD. PRAMS is an on-going national surveillance system designed to identify and monitor maternal behaviors and experiences before, during and after pregnancy among women delivering a live birth. The PRAMS questionnaire includes core questions that are asked by all participating states as well as state-specific questions that are chosen or developed by individual states to supplement the core questions. Each month, approximately 250 new mothers are randomly selected from birth certificates to participate in the self-administered mail-in questionnaire. Mothers who do not complete the questionnaires are followed up with a standardized telephone interview. Informed consent is obtained from all participants. In Mississippi the sample is stratified by birth weight: women with very low birth weight (\1500 g) or low birth weight (1500-2499 g) infants are sampled at a higher rate. For this analysis, records were excluded from the sample if the mother was a non-resident, the mother gave birth out of state, there was missing data from birth certificates, or there were delayed processing of the birth certificates. The 2009-2011 Mississippi PRAMS questionnaires were approved by the Institutional Review Boards of the Centers for Disease Control and Prevention (CDC) and the Mississippi State Department of Health. The study was approved by the Institutional Review Board at the Mississippi State Department of Health.
Response rates for the 2009, 2010 and 2011 Mississippi PRAMS datasets were 69.7, 64.4, and 64.0 % respectively. The threshold response rate for a survey to be representative recommended by the CDC is 65.0 %. Of 3836 respondents, 141 mothers with missing data on PPD (n = 80) or stressful life events (n = 61) were excluded from the analysis.
Measures

Assessment of Postpartum Depression
The study definition for PPD was based on the mother's opinion of her mood status. In the 2009-2011 Mississippi PRAMS core questionnaire, mothers were asked to describe their feelings since their new baby was born on a Likert scale with never = 1, rarely = 2, sometimes = 3, often = 4, and always = 5 for these three items (Appendix 1 in Supplementary Material):
a. I felt down, depressed or sad b. I felt hopeless c. I felt slowed down.
As recommended by the CDC, we summed the scores of the mothers' responses to these above items and defined mothers as experiencing PPD if their composite score was C10 [16] .
Stressful Life Events
Stressful life events were measured using 13 core questions from the PRAMS questionnaire that assess various social stressors for a pregnant mother (Appendix 1 in Supplementary Material). The questionnaire asks the mothers if they experienced any of the 13 events in the 12 months before they delivered their baby. The events are listed as: (1) A close family member was very sick and had to go into the hospital, (2) I got separated or divorced from my husband or partner, (3) I moved to a new address, (4) I was homeless, (5) My husband or partner lost his job, (6) I lost my job even though I wanted to go on working, (7) I argued with my husband or partner more than usual, (8) My husband or partner said he did not want me to be pregnant, (9) I had a lot of bills I couldn't pay, (10) I was in a physical fight, (11) My husband or partner or I went to jail, (12) someone very close to me had a problem with drinking or drugs, and (13) someone very close to me died [6] . Based on previous studies [1, 6, 16] , we grouped the 13 stressful life events into four categories: financial (unable to pay bills, moved to a new address, lost job, or husband/partner lost job), relational (argued more than usual with partner/husband, separated/divorced or husband/partner did not want pregnancy), trauma-related (homeless, had a physical fight, husband/partner or I went to jail, or someone very close had drinking or drugs problem), and emotional (family member was ill and hospitalized or someone very close died). Mothers reporting one or more stressful life events in a stress category qualified for inclusion in that category.
Statistical Analyses
To account for the stratified and weighted sample, we analyzed data using the survey procedures in SAS 9.3 (SAS Institute, Inc, Cary, North Carolina). Descriptive statistics were used to summarize baseline sample characteristics by PPD. Maternal characteristics in this study were race (white and black), age (\20, 20-24, 25-29, C30 years), annual household income (\$10,000, $10,000-$19,999, $20,000-$34,999, C$35,000), education (\High School, High School, College, Graduate School), marital status (Married and Other) and parity (0, 1, C2 births). All proportions represent weighted percentages generalized to Mississippi women.
As mentioned above, we grouped the 13 stressful life events into the four categories: financial, relational, trauma-related, and emotional. Then, a sum of the item responses within each category was calculated. In order to examine both specific life stressors and a cumulative count as a risk factor for PPD, we created an integrated variable reflecting both the severity level of exposures and the specific nature of stressors by using Liu and Tronick's approach. Based on their approach, each category was considered low level if it included \2 stressors, and high level if its stressor count was C2. Three logistic regression models were developed to provide an estimate of associations between PPD, stressful life events, maternal characteristics, and the interaction between these variables. Although the odds ratio is prone to overestimate the magnitude of the association between the outcome and exposure when the outcome of interest is common ([20 %) [13] , for retrospective studies with binary outcomes that require adjustment for covariates and interaction estimations, the odds ratio is preferred because it has desirable mathematical properties and will not be misleading when interpreted correctly [25] . For model I, we measured unadjusted effects of each category of stressors and maternal characteristics and the likelihood of PPD. In model II, we measured the independent effects of each category after controlling for all other categories of stressors and maternal characteristics. Variables were included in the multivariable logistic regression model if their p value was \0.20 on bivariate analysis. Given the cooccurrence of the stressors and the potential associations of socio-demographic factors with each other, we tested interactions between the stressors, as well as interactions between socio-demographic variables, and added significant interaction terms into our final model (model III).
Results
The participants' characteristics are presented in Table 1 . The respondents were predominantly unmarried, 20-24 years old, first time mothers, with high school education and with \$10,000 annual household income, and had financial stress. The majority of respondents were white (54 %), with an almost equal percentage of black women (45 %), similar to the Mississippi general population. The most common stressful life events reported during pregnancy included: moving to a new address (32 %), arguing a lot with partner/husband (27.9 %), illness of someone very close (27.2 %), having trouble paying bills (23 %), and having someone very close die (21.2 %). The (Table 1) show that prevalence of PPD is significantly higher among teen mothers (20.6 %, p \ 0.001), unmarried mothers (16.6 %, p = 0.01), and those with incomes\$10,000 (22.9 %, p \ 0.0001), and is significantly lower among mothers with a graduate degree (8.3 %, p \ 0.001). There was no significant difference in PPD between white (15.7 %) and black (13.8 %) mothers (p = 0.21). Also, the prevalence of PPD did not differ significantly by parity (p = 0.28). PPD was significantly higher in mothers who reported any stressful life events (18.9 %) compared to those who reported no stressful life events (4.3 %) (p \ 0.0001). Furthermore, results demonstrated a clear dose-response relationship between cumulative stress exposure and PPD prevalence. The prevalence of PPD significantly increased from the lowest cumulative stress exposure class to the highest. Mothers who reported more than 5 stressful life events had the highest prevalence of PPD (43.4 %, p \ 0.0001). The average number of stressful life events was significantly higher among mothers with PPD (3.5) than those without PPD (1.8) (p \ 0.0001; data not shown).
Using bivariate and multiple logistic regression models, unadjusted and adjusted odds ratios (ORs) for the associations between stressful life events and PPD are presented in Table 2 . Model I (unadjusted model) shows that mothers with high relational stress (OR = 4.3; 95 % CI, 3.2-5.7) had the greatest likelihood of reporting PPD followed by mothers with high trauma-related stress (OR = 4.1; 95 % CI, 2.8-6.1), high financial stress (OR = 2.6; 95 % CI, 2.0-3.3), and high emotional stress (OR = 1.4; 95 % CI, 1.0-1.9). Among maternal characteristics, race and parity were not significantly associated with PPD; therefore, we excluded them from the subsequent models. In our main effect models (i.e., model II), higher levels of relational, financial and trauma related stress were associated with reported PPD. A high level of relational stress was most strongly associated with PPD (OR = 2.7; 95 % CI, 1.8-3.9) after adjustment for other stressors. On the other hand, there was not a significant association between emotional stress and PPD after controlling for maternal characteristics and other stressors. Table 3 shows our final model with interaction terms (model III). The best fitting model was the model including a two-way interaction term between age and marital status and a three-way interaction between financial, relational and trauma related stressors. There was no identified association between high emotional stress and PPD (p = 0.6), and it was therefore not included in the model. As expected, mothers with low levels of all forms of stress had the lowest prevalence of PPD (9.6 %) and served as the reference group. Compared to mothers with low financial, low relational, and low trauma-related stress, mothers who experienced high relational and high trauma-related stress but low financial stress had the greatest likelihood of PPD (OR = 8.6; 95 % CI, 3.5-21.3), and those with high financial stress along with low relational, and low traumarelated stress had the least likelihood of PPD after adjusting for confounders (OR = 2.2; 95 % CI, 1.6-3.0).
Furthermore, the findings showed that married teens had a greater likelihood of PPD (OR = 2.2; 95 % CI, 1.6-3.0) compared to married mothers C30 years old. However, unmarried older mothers had the least likelihood of PPD (OR = 0.5; 95 % CI, 0.3-0.9). Being low income was independently associated with PPD after controlling for confounders. Mothers with annual household income \$10,000 had a greater likelihood of reporting PPD symptoms (OR = 2.0; 95 % CI, 1.3-3.2) compared to those with annual household income C$35,000. There was not a significant relationship between education and PPD after controlling for confounders.
Discussion
In this population-based study representative of Mississippi mothers who gave birth to a live born infant during 2009-2011, we found the most common sources of stress during pregnancy to be financial stress followed by emotional and relational stress; trauma-related stress was reported the least, consistent with Banker and LaCoursiere [3] . The prevalence of PPD in this study (14.0 %) was consistent with nationally reported estimates [16] . The prevalence of PPD was highest in mothers who reported trauma-related stressors followed by relational, financial and emotional stressors, respectively. Among maternal characteristics, younger age (\20 years old), low income (\$10,000) and marital status (being married) were independently associated with an increased likelihood of PPD after controlling for confounders. According to our findings, married teenage mothers had a greater likelihood of reporting PPD than adult married mothers. Married teens are known to have less stable marriages and higher rates of divorce compared to older mothers [8, 17] . Furthermore, young fathers' contribution to prenatal care and parenting is less than that of adult fathers and young fathers typically have less supportive relationships with their spouses. Compared with adult fathers, teenage fathers are more likely to come from disadvantaged family backgrounds, have lower education and income, making marriage and parenthood potentially more challenging [22] .
Similar to other studies, we found a dose-response relationship between stressful life events and the Other studies have also found that the more stressful life events that occur in the perinatal period, the more likely mothers will experience PPD symptoms [16, 19] . Cumulative stressors may reduce mothers' coping resources and increase the likelihood of depression.
In multivariable logistic regression without interaction terms, high relational, high trauma-related, and high financial stress were associated with PPD after adjusting for confounders. Similar to prior studies, we also found high relational stress to be the strongest predictor of PPD after adjusting for confounders [3, 16] ; Yim et al. [32] . There is strong evidence that lack of perceived support from a husband or partner during pregnancy plays an important role in the occurrence and severity of PPD [30] .
Adequate support can reduce the harmful effect of other stressors, allowing for better emotional responses and coping with negative events thus potentially preventing some cases of PPD and reducing the severity of symptoms among women already diagnosed with PPD [15] .
In this study, we evaluated the relationship between PPD, stressful life events, and maternal characteristics. In the multivariable regression model with interaction terms presented in Table 3 , we found that although mothers with low relational, financial, and trauma-related stress had the lowest prevalence of PPD, mothers with low relational and trauma-related stress but high financial stress had a much lower prevalence of PPD (21.1 %) than those with low financial stress but high relational and high trauma-related a Adjusted model including all covariates and interaction terms S170 Matern Child Health J (2016) 20:S164-S172 stress (52.8 %). These findings are not consistent with the findings from Liu and Tronick's [19] study, which found high financial stress as the strongest predictor of PPD. This could be in part explained by differences in perceived financial stress due to different economic and social contexts in Mississippi versus New York City (i.e. the setting of Liu's study). For example, household income in New York City is higher than Mississippi, and there is evidence that people with a higher household income are more likely to perceive higher levels of financial stress. Households with higher incomes have more access to numerous financial resources such as credit or loans and therefore more likely to have higher debt, leading to rising levels of perceived financial stresses Sweet et al. [31] . We also found women who reported high relational stress but low financial and trauma-related stress had the second highest likelihood of PPD indicating the significant role personal relationships play in the risk of PPD. Prior research suggests that the transition from childbirth to parenting is more challenging for couples who have some degree of conflict in their relationship, and women who do not have their partner's support during the postpartum period are more likely to develop PPD [10, 23] . High quality relationships may serve as a protective factor for women during pregnancy and improve their adjustment to other stressors. Banker [2] found that strong relationships and interpersonal support are protective against the effects of financial stress. However, our findings show that women with low relational stress but high financial and traumarelated stress also had a high likelihood of PPD, suggesting a supportive relationship alone may not be sufficient to protect against PPD in the setting of other significant stressors. Experiencing multiple stressors may alter the way individuals perceive the magnitude of stressors and have detrimental effects on their coping abilities [33] .
This research presents new insight into the prevalence of stressful life events during pregnancy and PPD among women in Mississippi. The results provide public health professionals with valuable information about pregnant women who are at higher risk for PPD and highlight a need for prenatal screening for stressors, and the need for social and mental health support to combat PPD. A particular strength of this study is the use of a comprehensive approach for calculating life events stressors, looking at both the interaction between stressors and the degree of stress for a given cause. We believe it is important for providers to assess not only if a woman has PPD, but the potential coexisting stressors (financial, relational, emotional, trauma) as they may impact the needed interventions. The use of a population-based sample that is weighted to reflect the total birth population of Mississippi is another study strength.
The findings in this report are subject to several limitations. First, PRAMS is a cross-sectional questionnaire; therefore, causality and the direction of results cannot always be determined. Second, determination of PPD was based on the mother's self-report which may be subject to recall and social desirability biases. Third, the distribution of demographic characteristics of Mississippi PRAMS mothers suggests higher percentages of mothers with low income or only a high school education, and who are unmarried; as such, the findings may only be generalizable to other states with similar demographic characteristics. Fourth, 3 years of PRAMS data have been used in this study; multiple years of data should be concatenated in future research in order to achieve a larger sample size. Finally, this study may not measure all of the different factors that are associated with PPD. We did not examine the effects of pregnancy complications, and birth outcomes on PPD which should be considered in future research. In addition, PRAMS does not capture data on stress perception, past history of depression and biological factors, other types of stress such as those related to the father's support and adjustment which may affect PPD. These are complex emotional and personal experiences for which a questionnaire, at best can signal associations, but cannot provide a complete picture. However, on a population level, we believe PRAMS is a strong tool to guide surveillance and prompt further clinical investigation of PPD.
Conclusion
This study demonstrates that along with certain high risk demographics, the type, number and intensity of stressful experiences during pregnancy significantly impact the likelihood of developing PPD. The likelihood of PPD is particularly great among mothers reporting high levels of relational stress, demonstrating the importance of social support for pregnant and parenting women. Efforts to effectively prevent and manage PPD should focus not only on diagnosing and treating the clinical illness but should attempt to address and understand the potential sources of stress that can incite and exacerbate this condition for mothers.
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